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Abstract
Objective—To investigate the platelet acti-
vation in diVerent modes of pacing in
patients implanted with dual chamber
rate adaptive pacemaker (DDDR) for
bradyarrhythmias, and to explore the
possible underlying mechanism of the
higher thromboembolic incidence in sin-
gle chamber ventricular rate adaptive
(VVIR) pacing.
Design—Platelet activation was deter-
mined in chronically paced patients dur-
ing three diVerent pacing modes (VVIR,
DDD, and DDDR) in a randomised
crossover fashion.
Setting—Pacemaker clinic at a university
teaching hospital.
Patients—15 patients with complete heart
block, mean (SD) age 63 (10) years, and 12
patients with sick sinus syndrome, mean
age 68 (9) years, implanted with DDDR
pacemakers.
Main outcome measures—Platelet activa-
tion was assessed by measuring the
plasma concentrations of platelet factor 4
(PF4) and â thromboglobulin using an
enzyme linked immunosorbent assay
(ELISA). Mean log plasma PF4 and â
thromboglobulin values were compared in
paced patients during diVerent pacing
modes and with control.
Results—Compared with controls, pa-
tients paced in DDDR, DDD, and VVIR
modes had higher mean log plasma con-
centrations of PF4 (0.90 (0.32), 0.92 (0.29),
and 1.12 (0.33) v 0.61 (0.29) log IU/ml, all
p < 0.05, respectively) and â throm-
boglobulin (1.55 (0.20), 1.59 (0.16), and
1.71 (0.18) v 1.40 (0.12) log IU/ml, all
p < 0.05, respectively). In paced patients,
VVIR pacing was associated with higher
plasma concentrations of PF4 and â
thromboglobulin than either DDDR or
DDD pacing (all p < 0.05). There was no
significant diVerence in plasma PF4 and â
thromboglobulin between patients with
complete heart block and sick sinus
syndrome in the corresponding pacing
mode. Holter monitoring showed no dif-
ference in mean pacing rate and occur-
rence of cardiac arrhythmias to account
for the increased platelet activation dur-
ing VVIR pacing. There was no relation
between the percentage of ventricular
pacing on Holter during DDDR, DDD,
and VVIRmodes and the log mean plasma

concentrations of PF4 (r = 0.002, 0.001,
and 0.001, respectively, all p > 0.05) and â
thromboglobulin (r = 0.007, 0.01, and
0.001, respectively, all p > 0.05).
Conclusions—Single chamber ventricular
pacing was associated with enhanced
spontaneous systemic platelet activation
compared with physiological dual cham-
ber pacing. This was related to the loss of
atrioventricular synchrony rather than to
the underlying cause of bradycardia, lack
of rate response, or coexisting arrhyth-
mia. This abnormality may be associated
with increased thromboembolism and was
correctible by an appropriate pacing
mode prescription and possibly antiplate-
let treatment.
(Heart 1997;78:358–363)
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Single chamber ventricular (VVI) pacing is
eVective in preventing some bradycardia re-
lated symptoms in patients with brady-
arrhythmias.1–3 However, previous studies have
suggested that the incidence of thromboembo-
lism is higher with a ventricular than with an
atrial pacing mode in patients with
bradyarrhythmias.4–10 This may be related to
the greater frequency of atrial arrhythmias or
abnormal atrial mechanical and transport
function during ventricular pacing. Previous
studies11 12 have shown that patients suVering
from stroke or transient ischaemic attacks have
increased platelet activation, and antiplatelet
agents have been eVective in preventing further
cerebrovascular events in these patients.13 It is
uncertain whether a similar mechanism oper-
ates in patients with bradycardia fitted with a
pacemaker. Dual chamber rate adaptive pace-
maker (DDDR) pacemakers allow non-
invasive programming of pacing modes to
examine the electrical and physiological eVects
of atrioventricular synchrony and rate adapta-
tion. This study was designed to compare the
platelet activation in diVerent modes of pacing
in patients implanted with DDDR pacemakers
for bradyarrhythmias and to explore the possi-
ble underlying mechanism for the higher
thromboembolic incidence in VVI pacing.

Methods
PATIENTS

The study group consisted of 15 patients with
complete heart block, mean (SD) age 63 (10)
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years (ten women, five men), and 12 patients
with sick sinus syndrome, mean age 68 (9)
years (seven women, five men), implanted with
either activity sensing or minute ventilation
sensing DDDR pacemakers. None of them had
documented atrial tachyarrhythmias on resting
electrocardiogram (ECG) or 24 hour Holter
monitoring before implantation. All had nor-
mal left ventricular function on radionuclide
ventriculography (mean ejection fraction
54.4(9.1)%). Five patients had hypertension.
None had histories of abnormalities such as
cerebrovascular disease, renal failure, and
diabetic mellitus known to be associated with
platelet activation.14 The control group con-
sisted of 16 healthy subjects, mean age 66 (11)
years (eight women, eight men), all normal on
physical examination and on resting electrocar-
diographic and echocardiographic study.
There was no significant diVerence in age and
sex distribution between patients and controls.
Written informed consent was obtained from
all participants, and the study was approved by
the local ethics committee.

STUDY PROTOCOL AND PACEMAKER

PROGRAMMING

After checking pacemaker function, resting 12
lead ECG and Holter monitoring was done at
baseline. The pacemakers were then pro-
grammed into three diVerent pacing modes in
a randomised double blind protocol, each for
an eight week study period as below:
DDDR mode—Both atrioventricular synchrony
and sensor driven rate adaptation.
DDD mode—Atrioventricular universal pacing,
allowing atrioventricular synchrony and sinus
determined rate response.
VVIR mode—Single chamber ventricular rate
adaptive mode (that is, no atrioventricular syn-
chrony) but sensor driven rate adaptive res-
ponse.

After eight weeks of pacing in each mode, 24
hour Holter monitoring was performed in each
patient, followed by blood sampling for platelet
activation (see below).

HOLTER RECORDING

Bipolar electrocardiographic chest leads were
fixed to the chest at the V1 and V6 positions,
and all electrograms were recorded for 24
hours using an Oxford Medilog recorder
(Oxford Medical Instruments, Oxford, UK).
The electrocardiographic pattern was sampled
for one minute over the first and 30th minute
of each hour and printed at a paper speed of 25
mm/s. Right ventricular capture was defined by
the presence of a pacing spike followed by a
QRS complex with a width > 12 ms. The per-
cent of QRS complexes with ventricular
capture during each observation minute was
averaged over the 24 hour period. The
incidence and frequency of cardiac arrhyth-
mias were also analysed using automatic analy-
sis and full disclosure review.

PLATELET ACTIVATION STUDY

Platelet activation was assessed by measuring
plasma concentrations of both platelet factor 4
(PF4) and â thromboglobulin, which are plate-
let specific proteins secreted from the á
granules during the release reaction.14 15 PF4
binds to the endothelial surface heparin-like
molecules and hence has a short half life,
whereas â thromboglobulin is not bound by
vascular endothelium and is cleared from the
circulation by renal excretion. Both proteins
can be accurately measured by enzyme immu-
noassay providing that specific precautions (see
below) have been taken to prevent in vitro acti-
vation during phlebotomy and plasma
processing.15 We monitored this by measuring
PF4 and â thromboglobulin concentrations. A
high concentration of â thromboglobulin in the
presence of a normal or only slightly raised PF4
strongly suggests in vivo release, while a
comparable increase in both proteins suggests
in vitro release. The ratio of â thromboglobulin
to PF4 was used to exclude in vitro activation,
a significant increase in the ratio (above 3:1)
suggesting in vivo activation.16 17 Blood results
with evidence of in vitro platelet activation (â
thromboglobulin to PF4 ratio less than 3:1)
were not included for analysis.
Patients and controls were instructed to

abstain from any drug treatment or alcohol for
10 days before blood sampling. All blood sam-
ples were taken in the morning for convenience
of processing. Precautions were taken to avoid
ex vivo activation of platelets. Thus blood sam-
ples were drawn by venepuncture using a 21

Figure 1 Percentage of ventricular pacing in diVerent
pacing modes in patients with sick sinus syndrome (SSS;
n = 12) and complete heart block (CHB; n = 15).

140

0
DDDR

P
er

ce
n

ta
g

e 
o

f
ve

n
tr

ic
u

la
r 

p
ac

in
g

40

DDD VVIR

120

100

80

60

20

CHB SSS All

*P < 0.05 CHB
�P < 0.05 v dual modes

* *

*�

Table 1 Percentage of ventricular pacing and mean heart rate on 24 h Holter monitoring

Sick sinus syndrome (n = 12) Complete heart block (n = 15)

DDDR DDD VVIR DDDR DDD VVIR

Pacing (%) 70.3 (36.7) 74.9 (36.3) 48.1 (39.8)* 99.7 (1.01)† 92.9 (24.9)† 92.9 (21.3)†
Mean heart rate (beats/min) 72.3 (13.2) 70.4 (10.2) 65.3 (9.8) 72.3 (12.5) 70.4 (9.8) 68.5 (12.3)

Values are mean (SD).
*p < 0.05 v DDD/DDDR mode in patients with sick sinus syndrome.
†p < 0.05 v corresponding pacing modes in sick sinus syndrome.
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gauge indwelling butterfly needle without using
a tourniquet. The first 2 ml of blood were dis-
carded, and then 4–5 ml of blood were
collected into Diatube H tubes (Diagnostic
Stago, France). Tubes were immediately
placed in ice water baths for at least 15
minutes. They were then centrifuged at 2500 g
for 30 minutes at 4°C. After centrifugation,
approximately one third of the plasma superna-
tant was collected by placing the pipette tip in
the middle region of the supernatant. This was
to avoid aspirating light platelets that might
have risen to the surface of the plasma or plate-
lets resting on top surface of the cell layer. The
platelet-poor plasma was stored at −20°C. PF4
and â thromboglobulin assays were carried out
within one month of collection of the sample.
PF4 assay—PF4 determination was performed
by enzyme immunoassay methods using a
commercially available kit (Asserachrom PF4
and â thromboglobulin, Diagnostica Stago,
France) according to manufacturer’s instruc-
tion. Platelet-poor plasma was incubated in a
plastic well coated with specific rabbit anti-
human PF4 for one hour at room temperature
(antigen immobilisation). After washing, rabbit
anti-PF4 antibody coupled with peroxidase
was added to the plastic well to form a
PF4/anti-PF4–peroxidase immunoconjugate.
The bound peroxidase activity was measured
by hydrolysis of the colour substrate ortho-
phenylenediamine in the presence of hydrogen
peroxide. The reactions were stopped after
three minutes and the intensity of the colour
produced was determined by measuring ab-
sorbance at 492 nm. The amount of PF4 in the
platelet-poor plasma was then determined
from an absorbance–PF4 calibration curve.
â Thromboglobulin assay—â Thromboglobulin
was measured with the same commercially
available kit used for PF4 (Asserachrom PF4
and â thromboglobulin, Diagnostica Stago), as
described above. Specific rabbit anti-human â
thromboglobulin antibodies and anti-â-
thromboglobulin–peroxidase conjugates were
used. â Thromboglobulin concentrations were
determined from an absorbency–â thrombo-
globulin calibration curve.
Both PF4 and â thromboglobulin assays

were run with the same positive controls each
time for calibration and the results were highly
reproducible (> 95%). Some patient samples
were run in duplicates and again the results
were comparable.

STATISTICAL METHODS

Continuous data were expressed as mean
(SD). The mean heart rate and percentage of
ventricular pacing in each group were com-
pared with two way analysis of variance. As

plasma concentrations of â thromboglobulin
and PF4 are logarithmically distributed, log
transformed data were used for analysis.17 A
Mann-Whitney test was performed to compare
Holter data between groups for each pacing
mode, and to compare log mean plasma
concentrations of PF4 and â thromboglobulin
between controls and paced patients during
each of the three diVerent pacing modes. Mul-
tiple comparisons between the mean log
plasma concentrations of PF4 and â thrombo-
globulin in the three diVerent pacing modes
were performed by repeated measures one way
analysis of variance (Bonferroni) analysis. Cor-
relation between variables was by linear
regression. A p value < 0.05 was considered
significant.

Results
HOLTER MONITORING

Results are shown in table 1. Two patients
(7.4%) with sick sinus syndrome developed
episodes of paroxysmal atrial fibrillation, one
during DDDR mode (for two minutes) and
another during VVIRmode (for 15.5 minutes).
Patients with complete heart block had a
higher percentage of ventricular pacing on

Table 2 Comparison of platelet activation during diVerent modes of pacing (DDDR,DDD, and VVIR) with controls

DDDR (n = 27) DDD (n = 27) VVIR (n = 27) Control (n = 16)

PF4 (IU/ml) 95% CI 10.23 (7.41) 7.30 to 13.17 10.03 (5.72) 7.76 to 12.29 17.24 (13.68) 11.83 to 22.65 4.96 (3.14) 3.28 to 6.63
log[PF4] (IU/ml) 95% CI 0.90 (0.32)* 0.78 to 1.03 0.92 (0.29)† 0.81 to 1.04 1.12 (0.33)† 0.99 to 1.25 0.61 (0.29) 0.45 to 0.77
BTG (IU/ml) 95% CI 39.48 (19.82) 31.63 to 47.32 41.11 (15.72) 34.89 to 47.33 55.58 (24.69) 45.81 to 65.35 25.77 (6.61) 22.25 to 29.29
log[BTG] (IU/ml) 95% CI 1.54 (0.21)* 1.47 to 1.63 1.59 (0.16)† 1.52 to 1.65 1.71 (0.18)† 1.64 to 1.78 1.40 (0.12) 1.33 to 1.46

Values are mean (SD) and 95% confidence intervals (CI)
BTG, â thromboglobulin; PF4, platelet factor 4.
*p < 0.01, †p < 0.001 v control.

Figure 2 Logarithmically transformed plasma level of
platelet factor 4 (PF4) in diVerent pacing modes (DDDR,
DDD,VVIR) and controls.
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Figure 3 Logarithmically transformed plasma level of â
thromboglobulin (BTG) in diVerent pacing modes
(DDDR,DDD,VVIR) and controls.
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Holter than patients with sick sinus syndrome
in the corresponding modes (p < 0.05). Pa-
tients with sick sinus syndrome had a lower
percentage of ventricular pacing during VVIR
modes than during DDD and DDDR modes
(fig 1; p < 0.05). There was no significant dif-
ference in mean 24 hour heart rate during dif-
ferent pacing modes in patients with complete
heart block and sick sinus syndrome.

PLATELET ACTIVATION STUDY

Comparison with controls
Results are shown in table 2 and in figs 2 and 3.
Plasma concentrations of PF4 and â throm-
boglobulin in paced patients during DDDR,
DDD, and VVIR modes were higher than in
controls, and the rise in â thromboglobulin was
greater than that of PF4. The log mean plasma
concentrations of PF4 and â thromboglobulin
were significantly raised during pacing com-
pared with controls.

Comparison between diVerent modes of pacing
With the paced patients as their own controls,
we compared the plasma concentrations of
PF4 and â thromboglobulin during VVIR,
DDD, and DDDR pacing. VVIR pacing was
associated with higher log mean plasma PF4
and â thromboglobulin than DDDR and DDD
pacing (figs 2 and 3; p < 0.05).There was no
significant diVerence in log mean plasma PF4
and â thromboglobulin between DDDR and
DDD pacing.

EVect of underlying causes of bradyarrhythmia
and percentage of ventricular pacing
There was no significant diVerence in plasma
PF4 and â thromboglobulin values between
patients with sick sinus syndrome and patients
with complete heart block in the corresponding
pacing mode (table 3). There was no relation
between the percentage of ventricular pacing
on Holter during DDDR, DDD, and VVIR
modes and the log mean plasma concentra-
tions of PF4 (r = 0.002, 0.001, and 0.001,
respectively; all p > 0.05) and â thrombo-
globulin (r = 0.007, 0.01, and 0.001, respec-
tively; all p > 0.05).

Discussion
THROMBOEMBOLISM IN PACED PATIENTS

Both ventricular pacing and dual chamber
pacing are eVective in preventing some brady-
cardia related symptoms in patients with
bradyarrhythmias.1–4 However, pooled data
from several retrospective studies have shown
that atrial pacing is associated with significantly
lower incidence of thromboembolism (1.6% v

13%).4 5 7 18 Furthermore, atrial fibrillation
occurs much more often with ventricular than
with atrial pacing.5 7 8 Although the develop-
ment of atrial fibrillation is one of the risk fac-
tors for increased thromboembolism in these
patients, the ventricular pacing mode remained
an independent predictor for stroke after
adjusting for the incidence of atrial fibrillation.9

A recent prospective study also showed a trend
toward more thromboembolic events in ven-
tricular pacing than in atrial pacing, even in
paced patients without atrial fibrillation.10

Thus other mechanisms may also be responsi-
ble for the higher incidence of thromboembolic
events, for example enhanced platelet activa-
tion. It has indeed been shown that patients
with a ventricular pacemaker have evidence of
increased systemic platelet activation.19 20

PLATELET ACTIVATION AND THROMBOEMBOLISM

Alterations in all phases of haemostasis are
associated with thromboembolic events; how-
ever, platelet activation occurs in the earliest
phase of arterial haemostasis and plays an
important role in these disorders. Platelet
hyperactivity and in vivo platelet activation
have been extensively investigated in all major
arterial thrombotic disorders, using diVerent
methods.21–27 These clinical and epidemiologi-
cal studies provide strong evidence for an
association between platelet hyperreactivity
and clinical ischaemic disorders. Although a
direct causal relation between platelet activa-
tion and thromboembolism is lacking, a previ-
ous prospective study showed that platelet
hyperreactivity predicted an increased risk of
future ischaemic events.28 A recent study also
found that plasma â thromboglobulin is an
independent risk factor for subclinical early
carotid atherosclerosis.29 Furthermore, the fact
that antiplatelet agents are eVective in the sec-
ondary prevention of thromboembolism13 30

provides indirect evidence for this association.

PLATELET ACTIVATION DURING PACING

It is unclear whether increased platelet activa-
tion occurs in patients implanted with pace-
makers, or what the underlying mechanism
might be. This is the first study to compare
platelet activation in diVerent modes of pacing
and to provide insight into the possible
mechanism of increased platelet activation in
ventricular pacing. Our study shows that all
patients implanted with a pacemaker have a
significant increase in plasma PF4 and â
thromboglobulin compared with controls. PF4
and â thromboglobulin are specific platelet
proteins which are stored in the á granules and

Table 3 Comparison of plaletet activation between patients with complete heart block (CHB) and sick sinus syndrome
(SSS) during diVerent modes of pacing

Pacing mode CHB (n = 15) SSS (n = 12) p value

log[PF4] IU/ml (PF4 IU/ml) DDDR 0.88 (0.36) 10.37 (8.10) 0.93 (0.26) 10.08 (6.81) NS
DDD 0.86 (0.33) 9.28 (6.36) 0.99 (0.22) 10.95 (4.91) NS
VVIR 1.14 (0.28) 16.77 (10.42) 1.03 (0.36) 14.63 (14.75) NS

log [BTG] IU/ml (BTG IU/ml) DDDR 1.54 (0.16) 40.55 (23.40) 1.55 (0.16) 38.14 (15.11) NS
DDD 1.59 (0.14) 41.19 (18.30) 1.59 (0.14) 40.27 (12.92) NS
VVIR 1.62 (0.19) 60.39 (22.11) 1.62 (0.19) 45.47 (24.52) NS

Values are mean (SD).
BTG, â thromboglobulin; PF4, platelet factor 4.
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are released into the plasma during platelet
activation. Both are secreted in similar amount
in vitro, although the plasma concentration of â
thromboglobulin is almost always higher than
that of PF4, because of diVerence in clearance
(see Methods). Plasma PF4 and â throm-
boglobulin were both significantly raised in
paced patients during diVerent pacing modes
in comparison with controls. The rise in â
thromboglobulin was greater than the rise in
PF4, the ratio of â thromboglobulin to PF4
being more than 3, which is compatible with in
vivo activation.16 17 This suggested that either
the presence of the pacemaker and leads or the
underlying disease state leads to increased
platelet activation. None of the paced patients
had a history of diseases that are associated
with platelet activation. Furthermore, there
was no significant diVerence in the degree of
platelet activation between patients with com-
plete heart block and those with sick sinus syn-
drome in each respective pacing mode, indicat-
ing that the disease status did not aVect platelet
activation. Thus the enhanced platelet activa-
tion is likely to be relate to contact of platelets
with an artificial surface.

POSSIBLE MECHANISMS OF PLATELET ACTIVATION

ASSOCIATED WITH VENTRICULAR PACING

With the patients acting as their own controls,
we compared platelet activation during diVer-
ent modes of pacing. VVIR pacing was associ-
ated with significantly higher plasma concen-
trations of PF4 and â thromboglobulin than
DDD and DDDR pacing. This suggested that
the single ventricular pacing mode led to a
higher degree of platelet activation than dual
chamber synchronous atrioventricular pacing
modes. The possible mechanisms of increased
platelet activation during ventricular pacing
include (1) haemodynamic irregularities with
abnormal blood flow due to atrioventricular
asynchrony; (2) the presence of coexisting
atrial tachyarrhythmias; (3) diVerences in the
percentage of ventricular pacing; and (4)
diVerences in heart rate attained.
The incidence of atrial tachyarrhythmias was

low and short lasting in all three modes of pac-
ing in the study period. Thus the recorded epi-
sodes of paroxysmal atrial fibrillation could not
account for the diVerence in plasma â throm-
boglobulin and PF4, which reflect continuous
platelet activation in vivo. In addition, it is
unclear whether paroxysmal atrial fibrillation
could lead to platelet activation as in the case of
chronic atrial fibrillation.31 Finally, there was
no relation between platelet activation and the
frequency of ventricular pacing, suggesting that
ventricular pacing per se did not increase
platelet activation. In fact, as shown in our
study and in a previous one,32 the percentage of
ventricular pacing is actually increased in dual
chamber compared with single chamber pacing
in patients with the sick sinus syndrome.This is
because synchronous ventricular pacing occurs
with every P wave in the dual mode. Further-
more, no significant diVerence in mean heart
rate between the diVerent pacing modes was
noted to account for the diVerence in platelet
activation. There was also no diVerence in

platelet activation between DDD and DDDR
modes, so a loss of rate response was not asso-
ciated with increased platelet activation. Thus
our results suggest that loss of atrioventricular
synchrony related to single chamber ventricu-
lar pacing is a major cause of increased platelet
activation. Spontaneous platelet activation may
be related to mechanical force and shear stress
elicited by the haemodynamic irregularities
caused by atrioventricular asynchrony. This
asynchrony is reduced by dual chamber pacing.

CLINICAL IMPLICATIONS

Single chamber ventricular pacing with atriov-
entricular asynchrony was associated with
enhanced spontaneous systemic platelet activa-
tion. This may be one of the mechanisms for
the higher incidence of thromboembolism
associated with ventricular pacing, which can
be prevented by a physiological pacing mode
that maintain atrioventricular synchrony. The
increased platelet activation was not related to
the presence of the pacing system and the
underlying arrhythmias per se, and was inde-
pendent of the frequency of ventricular pacing,
mean heart rate, and rate adaptation. In
patients implanted with a ventricular pace-
maker who are susceptible to thromboembo-
lism, treatment with antiplatelet agents should
be considered on pathophysiological grounds.
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